ABSTRACT -The objective of the present study was to evaluate the feeding behavior of feedlot Nellore bulls fed two levels of concentrate (650 and 710 g/kg dry matter) with or without the inclusion of 350 g babassu mesocarp meal/kg dry matter in the concentrate. Twenty-eight animals at 18 months of initial age and 356.66±19.25 kg initial body weight were used. A completely randomized design was used with treatments in a 2 × 2 factorial arrangement. Increase in concentrate level from 650 to 710 g/kg dry matter did not change the feeding time, of 194.41 and 189.64 minutes/day, respectively.
Introduction
Feedlot as a strategy for feeding the cattle herd during forage shortage has become infeasible because of increase in the price of the grains used in animal feeding. At the time when Brazil encouraged the use of grain-based diets, there was an increase in the international corn price due to biofuel production by some countries such as the USA, which set aside 40% of their production for this purpose (Wilkinson, 2010) . Thus alternative feedstuffs, such as byproducts from the biofuel agroindustry that can partially substitute corn and/or soybean meal in the diet may represent cost reduction in the feedlot.
Byproducts available in the northern region of Brazil include those derived from processing the babassu palm nut for biofuel production. Among these byproducts, the babassu mesocarp meal stands out, with limited information on its use in cattle feed. Miotto (2011) studied the replacement of corn by babassu mesocarp meal (0. 250. 500. 750 and 1000 g/kg dry matter) in cattle diet and observed that this byproduct can substitute up to 50% corn grain without altering the animal performance, showing the possibility of its use in ruminant feeding. Nevertheless, little is known about the effects of including this byproduct in the diet on ruminant feeding behavior.
Feeding behavior can be characterized by the uneven distribution of a succession of defined and discrete activity periods, classified as ingestion, rumination and idleness (Penning et al., 1991) . Ingestion is the most important of these activities because ruminants respond differently to the different types of foodstuffs and diets, altering their production levels and feeding behavior (Pires et al., 2001) . Thus the objective of the present study was to assess the feeding behavior of Nellore bulls fed in a feedlot with two concentrate levels associated, or not, to inclusion of babassu mesocarp meal in the concentrated fraction of the diet.
Material and Methods
The study was carried out from June 30th to September 21st, 2010 at the Escola de Medicina Veterinária e Zootecnia at Universidade Federal do Tocantins, Campus de Araguaína, located at 07º11' 28 '' south latitude and 48º12' 26 '' west longitude. The mean values for the maximum, minimum and mean temperatures, relative air humidity and rainfall during the experimental period were 35.5, 17.8 and 25 .67 o C, 53.67% and 0.33 mm, respectively.
Twenty-eight Nellore bulls of 21 months of initial age and 356.66±19.25 kg initial body weight were used. The animals were weaned at seven months and kept during the growing phase on Brachiaria brizantha cv. Marandu pasture with mineral supplementation. At the end of the growing period (start of the experiment) the animals were confined individually in partially covered 14 m 2 stalls with a concrete floor, equipped with individual drinkers and feeders.
Prior to the experimental period, the animals were adapted to the diets and facilities for seven days. The experimental diets (Table 1) were balanced for a 1,200 g/day weight gain, estimating intake of 24 g/day body weight (NRC, 1996) . The feed intake was recorded daily by weighing the diet supplied and leftovers. The feed supply was kept 10% above the voluntary intake, divided in two daily meals (8 a.m. and 2 p.m.). The roughage used during the feedlot period was Brachiaria brizantha cv. Piatã silage harvested and disintegrated (8 to 10 mm particles) at the initial flowering stage of the plants and the babassu mesocarp meal was obtained by extraction of the peel of the babassu fruit separated from the epicarp, which was then ground (Table 2) .
To determine the chemical composition of the diets (Table 3) feed samples were collected weekly, packed, labeled and frozen at -20°C. At the end of the experiment, the samples were thawed and a composite sample was made per period, oven-dried (55 °C,72 hours) and processed in a Willey-type grinder with a 1 mm mesh sieve.
The contents of dry matter (DM), ether extract (EE) and crude protein (CP) were determined according to the AOAC (1995). The neutral detergent fiber (NDF) and lignin were determined according to Van Soest et al. (1991) , and the NDF was corrected for ash and protein (NDFap) according to Silva & Queiroz (2002) . The acid detergent fiber (ADF) was determined according to Van Soest (1973) . The total carbohydrates (TC), non-fibrous carbohydrates (NFC) and total digestible nutrients (TDN) were determined according to Sniffen et al. (1992) , in which TC = 100 -(CP + EE + MM), 4 Composition (g/kg): Na -150; Ca -118; P -90; Mg -7; S -12; N -10; Zn -3.6; Cu -1.73; Co -0.2; Mn -0.1; I -0.015; Se -0.002. The feeding behavior data were collected during the feedlot period, totaling six days, in which in each experimental period, 48 hours of consecutive visual assessment were carried out (Martin & Bateson, 1986) , with 5 min intervals. The feeding times, rumination and other activities (idleness and sleeping) and frequency at the drinker were recorded. The mean of the number of chews per cud and the mean time spent on the chews of cud were obtained in four eight-hour periods, for two days, nine values per period, and three values were recorded distributed from 10 to midday, 2 p.m. to 4 p.m. and 6 p.m. to 8 p.m., using a digital stopwatch as proposed by Bürger et al. (2000) .
The following ratios were determined from the variables intake and feeding behavior (Polli et al., 1996; Bürger et al., 2000) : feeding efficiency (DM intake/feeding time); DM rumination efficiency (DM intake/rumination time), NDF rumination efficiency (NDF intake/rumination time), daily chewing time (feeding time plus rumination time), daily ruminated cuds (rumination time/chewing time per cud).
The number of chews/day was determined by multiplying the number of chews per cud and the number of daily ruminated cuds (Missio et al., 2010) . The feeding frequency was determined from the assessment of the feeding time (number of times that the animals went to the feeding trough) and the number of meals/day, considering 10 min as minimum time for this activity.
A completely randomized design was used with the treatments in a 2 × 2 factorial arrangement (two levels of concentrate and two levels of babassu mesocarp meal inclusion). The data were submitted to analysis of variance and the Pearson correlation. When the interaction between the factors studied was significant, the means were compared by Tukey's test, considering α = 5. The statistical procedures were carried out using the PROC GLM procedure (Statistical Analyses System, version 8.02).The mathematical model was represented by: γ ij = μ + τ i + £ j + (τ*£) ij + ε ij , in which: γ ij = dependent variable; μ= general mean; τ i = effect of the concentrate level of the diets; £ j = effect of the babassu mesocarp meal level in the concentrate; (τ*£) ij = interaction between factor i and factor j; ε ij = residual experimental error.
Results and Discussion
The feeding time varied independently in function of the factors assessed, and was not altered (P>0.05) by the concentrate level of the diet (Table 4 ). However, this activity was increased by including babassu mesocarp meal, reflecting the greater dry matter intake in these diets. Corroborating, Miotto (2011) stated that substituting corn with babassu mesocarp meal raised the feeding time because it increased the dry matter intake.
The increase in feeding time in the diets containing babassu mesocarp meal may have been associated to the need of animals to increase feed intake due to decrease in the energetic concentration in the diets resulting from the inclusion of this byproduct (Table 3) . These assumptions are in line with Hodgson (1990) , who stated that ruminants adapt to feeding conditions and modify their behavior to reach and maintain a determined intake level, compatible with their nutritional requirements.
The lack of variation in feeding time with the increase in the level of concentrate (Table 4 ) may have been associated to the small difference (9,2%) between the proportions of concentrate used. Most studies that assess concentrate levels in cattle diets observe decrease in feeding time in function of the increase in the concentrate content in the diet (Bürger et al., 2000; Silva et al., 2005; Missio et al., 2010) , a fact associated to the greater energetic density/bite. On the other hand, increase in the feeding time was observed because of the increase in the roughage content in the diet, which was associated to the increase in neutral detergent fiber content and decrease in the energetic content of the diets (Beauchemin, 1991; Dado & Allen, 1995; Ramonet et al., 1999) .
Feeding time presented 0.38 correlation with neutral detergent fiber intake (P<0.05) (Table 5) , which is in line with the results reported by Dado & Allen (1995) . The association of feeding time with neutral detergent fiber intake was related to the increase in feed intake that occurred in the diets containing babassu mesocarp meal, resulting from the energetic requirement of the animals, the energetic content of the diets and the increase in neutral detergent fiber caused by this by-product. Araújo et al. (1998) reported that in animals fed diets that provided high nutrient supply, where the fibrous fraction was small and did not affect intake, intake is controlled by the energetic requirement of the animal. In this case, neutral detergent fiber was positively correlated with intake because, as the fiber in the diet increases, digestibility decreases and the animal needs to ingest more to meet its energy requirement. In this sense, the inclusion of 350 g/day babassu mesocarp meal dry matter in the concentrate resulted in a 9.7% average decrease in the in vitro digestibility of the diets (Table 3) .
Although feeding time is considered the main activity in feeding behavior, responsible for the quantity of feed ingested, no correlation of this activity with dry matter intake was observed (P>0.05; Table 5 ). However, feeding time was correlated (P<0.05) with frequency at the feeder (r = 0.29) and number of meals (r = 0.54), indicating indirect association between intake and feeding time. The results of the present study were in line with those obtained by Pinto et al. (2010) , who assessed the feeding behavior of feedlot bulls fed diets based on sorghum silage and sugarcane and did not observe association between feeding time and dry matter intake. These authors emphasized that the feeding time could not be used as an indicator of feed intake, because several factors are related both to dry matter ingestion and the characteristics of the feeding behavior and rumination, such as the physical and chemical properties of the diet, digestibility and degradability of the feeds and the individual characteristics of the animals.
Feeding frequency and number of meals were lower for the diets that associated the lowest concentrate level and no babassu mesocarp meal in the concentrate (Table 6) . These results may have been associated with a combination of factors, especially the energetic demand of the animals that reached satiety because of the greater energetic density of the diets with a high level of concentrate and the greater participation of neutral detergent fiber coming from the forage in the diets with a lower concentrate level. These interferences were shown by the correlation (P<0.05) of number of meals with neutral detergent fiber intake (r = 0.31), feeding time (r = 0.54) and rumination time (r = -0.22).
Feeding efficiency was influenced (P<0.05) only by the level of babassu mesocarp meal and decreased with the inclusion of the by-product only at the lowest concentrate level (Table 6 ). These results were reflections of the association of the greater quantity of roughage and reduced density of the babassu mesocarp meal in these diets, which made it difficult for the animal to pick up the feed and thus increased the feeding time. It is emphasized that feeding efficiency where the animal picks up the feedstuff is determined by the time allocated for intake, specific weight of the feed (Van Soest, 1994) , variation in the fibrous components of the diet (Silva et al., 2005) and type of roughage in the diet (Pinto et al., 2010) . Feeding efficiency was positively correlated (P<0.05) with dry matter intake (r = 0.87), feeding frequency (r = -0.27) and number of meals (r = -0.52), implying that more efficient animals need less time for feed intake, fewer visits to the feeder and a small number of meals/day to meet their nutritional requirements.
Rumination time decreased (P<0.05) with the increase in concentrate level in the diets without babassu mesocarp meal (Table 7) , results associated to the small participation of the neutral detergent fiber coming from the forage. These results were in line with Van Soest (1994) , who reported that rumination time was influenced by the nature of the diet and proportional to the cell wall content of the roughage, and was increased by the increase in fiber in the diet. On the other hand, rumination time was not altered (P>0.05) by the concentrate level in the diets with babassu mesocarp meal, a result possibly associated to the similar dry matter intake in these diets.
The rumination time was correlated (P<0.05) with the time allocated for other activities (r = -0.87) and idleness (r = -0.70), indicating that the animals gave up rest time for rumination, because they needed to maintain their energy intake, in the case of the diets containing babassu mesocarp meal (Table 5 ). Other correlations were also significant; rumination time with efficiency of dry matter rumination (r = -0.82) and neutral detergent fiber (r = -0.55), showing that the increase in rumination time negatively influenced the rumination efficiency. The results of the present study were in line with those presented in the literature (Bürger et al., 2000; Pereira et al., 2009; Missio et al., 2010) for the same animal category, where the authors reported variation from 4.23 to 8.96 hours/day, which was a reflection of the quantity of roughage used in the diets, the size of the roughage particle and the diet composition.
Dry matter rumination efficiency increased (P<0.05) with the inclusion of babassu mesocarp meal and the increased concentrate level improved this characteristic only in the diets without babassu mesocarp meal (Table 7) . Neutral detergent fiber rumination efficiency increased for DMI -dry matter intake; DEI -digestible energy intake; NDFI -neutral detergent fiber intake; F -feeding; R -rumination; OA-other activities; SLE -sleeping; D -frequency at drinking trough; FF -feeding frequency; NM -number of meals; FE -feeding efficiency; RE and NDFRE -rumination efficiency of dry matter and neutral detergent fiber, respectively.
the animals fed babassu mesocarp meal and was not altered by the concentrate level in the diet. Missio et al. (2010) observed that rumination efficiency improved with increase in the concentrate content in the diet, because this characteristic is associated to the greater specific weight of the concentrate fraction and the neutral detergent fiber contents of the diet, where the regurgitated cud, in diets with greater concentrate proportions, is heavier and has less fiber. This fact allows the animal to give a smaller number of chews per cud and ruminate fewer cuds per day. In diets with lower concentrate proportions, the quantity of cuds per day and chews/cud normally increases because the regurgitated cud is lighter, but has greater volume, because it consists mostly of forage. Time allocated for other activities was reduced by including babassu mesocarp meal in the diet (Table 8) , a result of the increase in feeding and rumination time. These results were in line with those by Hodgson (1990) who reported that the daily activities of the animals are exclusionary, where increase in feeding or rumination reduces idleness.
The increase in time for other activities in function of concentrate level in the diets was in line with findings by Silva et al. (2005) that resting time allocation is related to the comfort of the animal, in which longer rest periods can determine greater animal performance (Souza et al., 2007; Missio et al., 2010) because increase in rest time represents decrease in physical activity, which uses energy, and can decrease the energy requirements for maintenance (Missio et al., 2010) . The time spent on other activities was negatively correlated (P<0.05) with neutral detergent intake (r = -0.32), feeding time (r = -0.34) and rumination (r = -0.87), showing the need of the animal to decrease its rest to maintain nutrient intake, consequently increasing mastication by rumination. Furthermore, the time used for other activities was correlated (P<0.05) with the dry matter rumination efficiency (r = 0.64) and neutral detergent fiber intake (r = 0.29), showing that greater energetic content in the diets was better able to meet the nutritional requirements, provided greater flexibility for organizing the feeding activities and better comfort conditions, by increasing the rest time. In this sense, it was observed that idle time was shorter (P<0.05) for the diets that associated the lowest concentrate level and inclusion of 350 g/kg of dry matter of babassu mesocarp meal (Table 8) , resulting from the need to increase the feeding time and maintain the nutrient intake level.
The time the animals slept was shorter (P<0.05) for the diets containing babassu mesocarp meal at the highest concentrate level (Table 8) . These results can be considered atypical, because the longer rest period occurred in the diets without byproduct. On the other hand, the animals slept longer (P<0.05) as the concentrate level increased in the diets containing babassu mesocarp meal, a fact that may have been associated to the greater digestible energy intake. It is emphasized that the time that the animals slept was correlated (P<0.05) with the digestible energy intake (r = 0.27) and idleness (r = 0.44), showing that the increase in energy intake resulted in longer rest time.
The frequencies of the animals at the drinker increased (P<0.05) with the increase in concentrate contents in the diet without babassu mesocarp meal and decreased in diets containing 350 g/kg dry matter of this byproduct in the concentrate (Table 8 ). The increase in frequency at the drinker with increased concentrate level in the diets without babassu mesocarp meal may have been related to the low water content in these diets (Table 1) . Lower moisture content in diets can determine low water ingestion associated to the feed, a fact that encourages the animal to ingest water, as reported by Phillips (2004) . On the other hand, decrease in frequency to the drinker with increase in concentrate in the diets containing babassu mesocarp meal may have been related to the needs of the animals to increase feed ingestion to meet their energetic requirement. These interferences were evident from the correlation (P<0.05) of the frequency to the drinker with idleness (r = 0.32) and feeding frequency (r = 0.32), indicating that rest time decreased in function of increase in water intake resulting from the increase in feed intake. These assumptions are in line with the results obtained by Portugal et al. (2000) , who observed that water intake in primipara and multipara dairy cows feedlot-fed followed the dry matter ingestion. The number of daily ruminated cuds and the number of chews per cud were not altered (P>0.05) by the factors assessed (Table 9) , which were close to those reported in the literature, because normally 360 to 790 cuds are ruminated and there can be on average 40 to 70 jaw movements (chews) during cud rumination (Furlan et al., 2006) .
The number of daily chews and daily mastication time decreased (P<0.05) with the increase in the concentrate level in the diet without babassu mesocarp meal in the concentrate (Table 9 ) a fact associated to dry matter intake and the quantity of fiber in the roughage. It is worth stressing that chewing the feed reduces the particle size, increases its density and its reticulum-rumen escape, and the efficiency of this process is influenced by dry matter intake (Ulyatt et al., 1986 ) and the diet fiber source (Mendes et al., 2010) .
In the present study, in spite of increasing intake, there was no alteration in the number of chews/day and chewing time/day by including babassu mesocarp meal in the concentrate (Table 9) . These results were associated to the characteristics of the byproduct at issue, because although it has high neutral detergent fiber content, its particles size are small, with 96% of the particles passing through a 1.18 mm sieve (Miotto, 2011) . This fact characterizes the babassu mesocarp meal fiber as of low effectiveness, because according to Mertens (1997) , the particles should have a minimum size of 1.18 mm to stimulate rumination. According to a literature review by Allen (1997) , the daily chewing time is around 11.13 hours. In the present study the values found were below the abovementioned value, a fact that may have been associated to the high concentrate contents used.
The daily chewing time was correlated (P<0.05) with the intakes of digestible energy (r=0.26), dry matter (r=0.34), neutral detergent fiber (r=0.39), rumination time (r=0.86) and other activities (r=0.99). These correlations showed that daily mastication time was directly associated to the quantity of feed ingested and time allocated for rumination and inversely related to resting time. This can be further emphasized by the correlation (P<0.05) of the dry matter intake with the number of daily ruminated cuds (r=-0.24) and number of daily chews (r=-0.32), showing that the animals adjust their feeding behavior in function of feed intake. These results agree with the literature because rumination can reduce the time allocated to daily mastication with increase in efficiency in particle reduction (Deswysen et al., 1987) , increase in the proportion of jaw movements in relation to the number of total movements (Deswysen & Ehrlein, 1981) , reduction in the interval between cud rumination (Gordon, 1965) , increase in the jaw movement rate (Bae et al., 1981) or by their interaction.
Conclusions
Including babassu mesocarp meal in the diet altered the feeding behavior of the feedlot cattle because they had to increase their feeding time to maintain energy intake. The alterations in feeding behavior in order to maintain energy intake were facilitated in diets with higher concentrate contents and when more resting time was available.
